Differential thermal analysis and calorimetric analysis of commercial and dental waxes have been reported in the dental literature."2 Thermogravimetric analysis is described in most textbooks on thermal analysis3-5 and is essentially a method of measuring the weight of a sample as a function of temperature or as a function of time at a fixed temperature.
The purpose of this study was to examine the possibility of the thermogravimetric method in the quantitative analysis of some experimental and dental waxes.
Materials and Methods
The waxes investigated were the same as those described in a previous paper.2 The The thermogravimetric curves for three dental inlay waxes are presented in Figure 2 . -Thermogravimetric curves for paraffin = carnauba binary mixtures. 1, 100% paraffin (P); 2, 2.5% carnauba (C) + 97.5% P; 3, 10% C + 90% P; 4, 25% C + 75% P; 5, 50% C + 50% P; 6, 75% C + 25% P; 7, 100% C. The thermogravimetric curves for dental inlay waxes were interesting because Kerr hard wax apparently contained less carnauba wax than Kerr regular, and the hard wax contained a higher melting hydrocarbon wax (60 C) than the regular wax (57 C). '1 The Kerr regular had 0.2% of the original weight remaining at 485 C in nitrogen, which indicates the presence of resins not present in the Kerr hard wax. Peck's hard wax had about the same amount of carnauba wax as Kerr regular but contained a broader melting range hydrocarbon wax with a slightly higher melting point (58 C)' than the Kerr regular. The control of the properties of these waxes can be accomplished not only by the percentage of carnauba wax but also by the selection of the melting point and melting range of the hydrocarbon wax.
The slope of the thermogravimetric curves gives an indication of the molecular weight distribution of hydrocarbon waxes. The curves for paraffin, litene, and barnsdahl indicate a narrow molecular weight distribution with barnsdahl having the widest distribution. Polyethylene wax and ceresin had the broadest molecular weight distribution of the waxes, with polyethylene wax having the broadest. The curve for polyethylene wax indicates the higher molecular weight fraction is about 20%, whereas for ceresin wax the higher fraction amounts to only 6% of the total wax. This interpretation of these curves is consistent with differential thermal analysis of the same waxes.'
Thermogravimetric curves may or may not be related to differential thermal curves. The former represent weight loss as a function of temperature and the latter indicate thermal transitions or phase changes. If the phase change is accompanied by a weight loss, such as boiling, then a decrease in the thermogravimetric curve should approximate the thermal transition. The thermogravimetric curves for waxes showed that substantial weight loss did not occur until one of the components melted and it would level off once that component had been vaporized. However, thermal transitions (DTA) in paraffin wax involving a crystal structure change but melting was not indicated on the thermogravimetric curves.
It should be emphasized that other measurements such as DTA, gas chromatography, or other analytic techniques are usually necessary to identify the components being lost in thermogravimetric tests.
Conclusions
Thermogravimetric analysis was conducted on binary mixtures of paraffin wax and carnauba or beeswax; in addition, similar tests were performed on several dental inlay casting waxes and commercial hydrocarbon waxes. Semiquantitative analysis of carnauba in paraffin wax was possible at up to 75% carnauba wax; however, the analysis of beeswax in paraffin was satisfactory only at concentrations below 50%.
Thermogravimetric curves of dental inlay waxes allowed an estimation of the carnauba wax present and indicated the type of hydrocarbon wax used. The control of the properties of these waxes is accomplished by a combination of factors including the amount of carnauba wax, the melting range of the hydrocarbon wax, and the presence of resin.
The approximate percentage of the distribution of low and high molecular weight fractions of some hydrocarbon waxes was determined. The slope of the weight vs temperature curves indicated the distribution of molecular weights in the hydrocarbon waxes.
